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(57) ABSTRACT

A strapping device including a tensioner operable to apply a
strap tension to a loop of wrapping strap, a iriction welder
operable to produce a friction weld connection at two areas
of the loop of wrapping strap disposed one on top of the
other, a motor operable 1n a first rotational direction to drive
the tensioner and 1n a second opposite rotational direction to
drive the friction welder, and a control device. The control
device 1s configured to, 1n response to receiving a first
designated 1nput: (1) operate the motor in the first rotational
direction to drive the tensioner until a predetermined strap
tension 1s reached in the loop of wrapping strap; and (2)
alterwards, automatically operate the motor in the second
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different rotational direction to drive the triction welder to
produce the friction weld connection.
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1
STRAPPING DEVICE

PRIORITY CLAIM

This application 1s:

a continuation of, and claims priority to and the benefit of,
U.S. patent application Ser. No. 12/989,112, filed on
Nov. 23, 2010, which 1ssued as U.S. Pat. No. 9,174,752
on Nov. 3, 2015, which 1s a national stage entry of
PCT/CH2009/000001, filed on Jan. 6, 2009, which
claims priority to and the benefit of Switzerland Patent
Application No. 645/08, filed on Apr. 23, 2008, the
entire contents of each of which are incorporated herein
by reference;

a continuation of, and claims priority to and the benefit of,

U.S. patent application Ser. No. 12/989,142, filed on

Nov. 23, 2010, which 1s a national stage entry of

PCT/CH2009/000002, filed on Jan. 6, 2009, which
claims priority to and the benefit of Switzerland Patent
Application No. 646/08, filed on Apr. 23, 2008, the
entire contents of each of which are incorporated herein
by reference;

a continuation of, and claims priority to and the benefit of,

U.S. patent application Ser. No. 12/989,181, filed on

Nov. 23, 2010, which 1s a national stage entry of
PCT/CH2009/000003, filed on Jan. 6, 2009, which

claims priority to and the benefit of Switzerland Patent
Application No. 647/08, filed on Apr. 23, 2008, the
entire contents of each of which are incorporated herein
by reference;

a continuation of, and claims priority to and the benefit of,
U.S. patent application Ser. No. 12/989,281, filed on
Nov. 23, 2010, which 1s a national stage entry of
PCT/CH2009/000004, filed on Jan. 6, 2009, which
claims priority to and the benefit of Switzerland Patent
Application No. 648/08, filed on Apr. 23, 2008, the
entire contents of each of which are incorporated herein
by reference; and

a continuation of, and claims priority to and the benefit of,

U.S. patent application Ser. No. 12/989,355, filed on

Nov. 23, 2010, which 1s a national stage entry of
PCT/CH2009/0000035, filed on Jan. 6, 2009, which

claims priority to and the benefit of Switzerland Patent
Application No. 649/08, filed on Apr. 23, 2008, the
entire contents of each of which are incorporated herein
by reference.

Certain embodiments of the invention relate to a mobile
strapping device for strapping packaged goods with a wrap-
around strap, comprising a tensioner for applying a strap
tension to a loop of a wrapping strap, as well as a friction
welder for producing a friction weld at two areas of the loop
of wrapping strap disposed one on top of the other, and a
chargeable energy storage means for storing energy that can
be released as drive energy at least for the friction welder for
producing a iriction weld.

Such mobile strapping devices are used for strapping
packaged goods with a plastic strap. For this a loop of the
plastic strap 1s placed around the packaged goods. Generally
the plastic strap 1s obtained from a storage roll. After the
loop has been completely placed around the packaged
goods, the end area of the strap overlaps a section of the
strap loop. The strapping device 1s then applied at this
dual-layer area of the strap, the strap clamped into the
strapping device, a strap tension applied to the strap loop by
the strapping device and a seal produced on the loop
between the two strap layers by the friction welding. Here a
friction shoe moving 1n an oscillating manner 1s pressed onto
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the area of two ends of the strap loop. The pressure and the
heat produced by the movement briefly locally melt the strap
which generally contains a plastic. This produces a durable
connection between the two strap layers which can only be
broken with a large amount of force. The loop 1s then
separated from the storage roll. The packaged goods are thus
strapped.

Strapping devices of this type are intended for mobile use,
whereby the devices are taken by a user to the location of use
and are not reliant on the provision of external supply
energy. The energy required for the envisaged use of such
strapping device to strap a wrapping strap around any
packaged goods and to produce the seal, 1s general provided
in previously known strapping device by an electrical stor-
age battery or by compressed air. Strapping devices of this
type are often in continuous use in industry for packaging
goods. Therefore as simple operation of the strapping
devices as possible 1s aimed for. In this way on the one hand
a high level of functional reliability, associated with high-
quality strapping, and on the other hand as little effort as
possible for the operator should be assured

Strapping devices have already become known 1n which
production of the seal and production of the strap tension are
largely automated. However, automation of the processes
has the disadvantage that the strapping devices have a large
number of components and generally also several motors.
This results in heavy and voluminous strapping devices.
Also, strapping devices provided with a large number of
components tend to be top heavy 1n terms of their weight
distribution. Automation also had disadvantages 1n terms of
maintenance costs and the functional reliability of such
strapping devices.

One aim of certain embodiments of the invention 1s
therefore to create a mobile strapping device which 1n spite
of the possibility of at least largely automated production of
wrapped straps, exhibits a high level of functional reliability
and good handling properties.

In accordance with certain embodiments of the invention
this objective 1s achieved with a mobile strapping device by
means of a planetary gear system for transferring and
changing the rotational speed of a drive movement provided
by an electrical drive of the Iriction welder. In accordance
with certain embodiments of the invention the strapping
device has at least one planetary gear system which 1is
arranged 1n the drive train of the friction welder. It has been
shown planetary gear in combination with an electrical drive
motor provide particularly advantages in friction welders.
For example, with planetary gears, i spite of high initial
speeds and compact design, high torques can be produced.

This can also be advantageously used for the particularly
functionally reliable, possibly automated transter movement
of the friction welder from a rest position mto a welding
position, 1n which the friction welder 1s 1n contact with the
strap to be welded and produces a friction weld by way of
an oscillating motion. This can be of particular advantage 1f,
as 1S the case 1n certain embodiments of the invention, both
the actual friction welding movement of a friction welding
clement as well as the transfer movement can be generated
by the same drive. Such an embodiment with only one drive
for these functions 1s, despite the high degree of automation,
particularly compact, and, with 1ts weight being advanta-
geously distributed, nevertheless functionally reliable.

These advantages can be improved further by way of
certain embodiments of the invention 1n which the same
drive, designed to bring about the oscillating friction weld-
ing motion, also generators the tensioning movement of the
strapping device. In order to be able to make the strapping
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device as compact as possible despite the high torque, a
planetary gear system can also be arranged in the drive train
of the strapping device.

In accordance with another embodiment of the present
invention, which 1s also of independent relevance, the strap-
ping device 1s provided with a brushless direct current
motor. More particularly, this motor can be envisaged as the
sole motor 1n the strapping device. Unlike in the case of
brush-based direct current motors, such a motor can over a
broad speed range produce a rotational movement with an
essentially constant and comparatively high torque. Such a
high torque 1s advantageous more particularly for motor-
driven transfer movements of the friction welder from a rest
position into a welding position and possibly back again. IT
high torques can be provided by the strapping device, it 1s
possible to make the start of the transfer movement depen-
dent on overcoming high forces. This increases the reliabil-
ity, more particularly the functional reliability, as the fiction
welder cannot be accidentally moved from its envisaged
position by external influences.

By using a brushless direct current motor as the drive for
the tensioner, further advantages can be achieved, as 1n this
way 1t 1s possible to control the rotational speed of the
tensioning procedure. For example, 1n contrast to hitherto
possible torques, even a low speeds this allows a compara-
tively high tensioning device torque. Thus, with such mobile
strapping device 1t 1s for the first time possible to place a
strap around packaged goods at low speed but towards the
end of the tensioning procedure. In previous tensioners, 1n
order to achieve suflicient strap tensioning, the strap had to
be moved at high speed at the start of the tensioming
procedure, so that the required strap tension can be achieved
towards the end of the tensioning procedure. In doing so the
strap 1s whipped against the packaged goods which involves
a high risk of damaging the packaged goods. Even sensitive
packaged goods can thus be strapped all-round with con-
siderably less danger of damage.

Furthermore, a speed-dependent/speed-controlled ten-
sioning procedure also allows rapid imitial tensioning, 1.e.
tensioning at high strap retraction speed, followed by second
tensioning procedure with a reduced strap retraction speed
compared with the first tensioming procedure. In such brush-
less motors, due to the possibility of setting the rotational
speed of the motor shait and the motor torque separately
within certain ranges, the strap retraction speeds can be
adjusted to the required/desired circumstances during both
tensioning procedures. Particularly high strap tensions can
be achieved with the described division 1nto a first and at
least a second tensioning procedure.

In accordance with another embodiment of the present
invention, which may also be independently relevant, the
strapping device 1s provided with means with which the
rotation position of the motor shait or the positions of
components of the strapping device dependent on the motor
shaft can be determined. The information about one or more
rotational positions can preferably be used by a strapping
device controller to control components of the strapping
device, such as the friction welder and/or the tensioner. If a
brushless direct current motor 1s used as the device, this can
be done 1n a particularly simple way. For their commutation
such motors must already determine information about
momentary positions of the rotating component of the
motor, which 1s generally designed as rotating anchor. For
this, detectors/sensors, such as Hall sensors, are provided on
the motor which determine the rotational positions of the
rotating motor components and make them available to the
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motor control unit. This information can also advanta-
geously be used to control the friction welder.

Thus, 1n one embodiment of the strapping device 1t can be
envisaged that a number of rotations of the rotating com-
ponents of the motor are determined 1n order, on reaching a
given value or rotations, to carry out a switching operation.
More particularly, this switching operation can involve
switching off the friction welder to terminate the production
of a friction weld connection. In a further advantageous
embodiment of the invention it can be envisaged that at one
or at several determined rotational positions the motor 1s not
switched off, or 1s only switched ofl at one or more deter-
mined rotation positions.

It has proven to be advantageous if a device with a toggle
lever system 1s provided to move the welding device from
the rest position into the welding position and back. The
levers of the toggle lever joint, which are connected to each
other via one joint, can, by overcoming two dead point
positions, be brought 1into both end positions at which they
hold the welding device 1n the rest position or in the welding
position. Advantageously the toggle lever device 1s held n
both end positions by a force, preferably a force exerted by
a mechanical spring. Only by overcoming this force should
the toggle lever device be able to move from one end
position into the other. The toggle lever device achieves the
advantage that end positions of the welding device are only
changed by overcoming comparatively high torques. As this
applies especially to the welding position, the toggle lever
system contributes to further increasing the functional reli-
ability of the strapping device. Furthermore, the toggle lever
system advantageously supplements the drive train of the
strapping device, which 1n one form of embodiment of the
invention also has a brushless motor and a planetary gear
system 1n addition to the toggle lever system, for automated
movement of the welding device 1nto 1ts welding position, as
all the components are able to produce high torques or carry
out movements when high torques are applied.

Certain embodiments of the invention relate to a mobile
strapping device for strapping packaged goods with a wrap-
around strap, comprising a tensioner for applying a strap
tension to a loop of a wrapping strap, as well as a friction
welder for producing a friction weld connection at two areas
of the loop of wrapping strap disposed one on top of the
other, and a chargeable energy storage means for storing
energy, more particularly electrical, elastic or potential
energy, that can be released as drive energy at least for the
friction welder for producing a friction weld connection.

Such strapping devices have a tensioner, with which
sufliciently great strap tension can be applied to a loop of
strapping placed around the packaged goods. By means of
preferably one clamping device of the strapping device the
strap loop can then athxed to the packaged good for the
following connection procedure. In strapping device of this
type the connection procedure takes place by way of a
friction welder. The pressure and the heat produced by the
movement briefly locally melt the strap which generally
contains a plastic. This produces a durable connection
between the two strap layers which can only be broken with
a large amount of force.

Strapping devices of this type are envisaged for mobile
use, whereby the devices are taken by a user to the deploy-
ment site and should not be reliant on the use of externally
supplied energy. In previously known strapping devices the
energy required for the intended use of such strapping
devices for strapping a wrapping strap around any type of
packed goods and for producing the connection, 1s generally
provided by an electrical storage battery or by compressed
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air. With this energy the strap tension applied to the strap by
the tensioner and the connection on the strap are produced.
Strapping devices of this type are also designed to connect
only weldable plastic straps to each other.

In mobile devices a low weight 1s of particular importance
in order to put as little physical strain on the user of the
strapping device as possible when using the device. Also, for
ergonomic reasons the weight of the strapping device should
be distributed as evenly as possible, 1n order to avoid
concentration of the weight 1n the head area of the strapping
device. Such concentration results in unfavorable handling
properties of the device. As ergonomic and user-friendly
handling of the strapping device as possible are always
striven for. More particularly the possibility of incorrect use
or faulty operation should be minimal.

One aim of certain embodiments of the invention 1s
therefore to improve the handling and operating properties
of a strapping device.

In accordance with certain embodiments of the invention
this objective 1s achieved 1n a mobile strapping device of this
type by a means of a common drive for the tensioner for
producing a tensioning movement as well as for the friction
welder for producing an oscillating friction welding move-
ment and for a transitioning device for bringing about a
transier movement of the friction welder from a rest position
into a welding position.

In accordance with certain embodiments of the invention
a mobile strapping device 1s provided with a motor-driven
tensioner and friction welder. In order to be able to use such
as strapping device at least approximately as a hand-held
strapping device, i1t also has a motor-drive transitioning
device for the friction welder. In terms of the weight, and 1n
order to avoid a concentration of the weight in the head area
of the device, 1n spite of the high degree of automation of the
strapping device 1n accordance with certain embodiments of
the invention, all these functional units of the strapping
device are driven by just one common drive.

Preferably this just one drive can be designed as an
electric motor, the drive movement of which can be used to
consecutively drive the tensioner and the friction welder. In
an expedient embodiment of the mvention means are pro-
vided with which a functional connection can be produced
cither between the just one drive and the tensioner, or
between the drive and the 1friction welder, for example
reversing the rotational direction of the motor shait of the
drive.

Preferably with this just one motor not only 1s the drive
movement of the welding procedure 1tself produced, but also
a movement of the friction welder from a rest position into
a welding position. In the welding position a welding
clement of the friction welder 1s pressed onto the strap layers
to be welded to each other and through an oscillating
movement produces a friction weld on the strap layers. Here,
the welding element 1s preferably inactive 1n the rest posi-
tion and 1s only started up at the beginming of the movement
from the rest position.

The drive of the portable strapping device can preferably
be a single electric motor. It has been shown that the motor
can advantageously be a brushless direct current motor.
Such a motor can be operated 1n such a way that at different
rotational speeds 1t produces an essentially constant torque.

By using a brushless direct current motor as the drive for
the tensioner further advantages can be achieved, as 1n this
way 1t 1s possible to control the tensioning procedure in
dependence on the rotational speed. For example, 1n contrast
to hitherto possible torques, even a low speeds this allows a
comparatively high tensioning device torque. Thus, with
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such mobile strapping devices 1t 1s for the first time possible
to place a strap around packaged goods at low speed but
towards the end of the tensioning procedure. In previous
tensioners, 1n order to achieve suilicient strap tensioning, the
strap had to be moved at high speed at the start of the
tensioning procedure, so that the required strap tension can
be achieved towards the end of the tensioming procedure. In
doing so the strap 1s whipped against the packaged goods
which involves a high risk of damaging the packaged goods.
Even sensitive packaged goods can thus be strapped with
considerably less danger of damage.

Furthermore, a speed-dependent/speed-controlled ten-
sioning procedure also allows rapid imitial tensioning, 1.e.
tensioning at high strap retraction speed, followed by second
tensioning procedure with a reduced strap retraction speed
compared with the first tensioning procedure. In such brush-
less motors, due to the possibility of setting the rotational
speed of the motor shaft and the motor torque separately
within certain ranges, the strap retraction speeds can be
adjusted to the required/desired circumstances during both
tensioning procedures. Particularly high strap tensions can
be achieved with the described division into a first and at
least a second tensioning procedure.

Advantageously at least one planetary gear system 1s
arranged 1n the force tlow between the common drive for the
friction welder and for the tensioning device. With regard to
the weight of the strapping device and 1ts weight distribution
this makes it possible to produce the generally considerably
different rotational speeds for the tensioner and the friction
welder.

The degree of automation of the strapping device in
accordance with certain embodiments of the mvention can
advantageously be improved with as small a number of
required components as possible, 1n that the coordination
between the transmission device and friction welder takes
place by means of the same single drive. It can be envisaged
that the drive motion of the motor 1s used both as the drive
source for the automatic transmission device as well as to
achieve the at least approximately synchronous start of the
oscillating movement of the friction welder and the transfer
movement of the transitioning device. For this a gearing
device can be envisaged which transforms the motorized
drive movement into different step-down or step-up gear
ratios and releases these at two different points, preferably
simultaneously, namely at one point for the friction welder
and at another point for the transitioning device.

The common gear system device of the friction welder

and 1ts transitioning device can advantageously be arranged
on a free wheel, which 1n a certain rotational direction of a
drive shaft of the motor transmaits the drive movement to the
gear system device. Preferably this rotational direction 1is
different from the rotational direction with which the ten-
sioner 1s operated. It has proven to be beneficial 1, seen 1n
the direction of transmission of the drive movement, split-
ting of the drive movement on the one hand in the direction
of the friction welding element of the friction welder, and on
the other hand to transitioning device, only takes place after
the free wheel. The gear system device can have a first gear
section for the friction welder and a second gear section for
the transitioning device, whereby both gear sections perform
different step-down or step-ups of the drive movement.

It has proven to be particularly advantageous, 1f in the
drive train of the transitioning device, as a component of the
gear system device a gear 1s provided with which a step
down ratio 1n a range of 100:1 to 30:1, preferably 40:1 to
80:1 and particularly preferably 50:1 to 70:1 can be
achieved. Such a step-down ratio can be advantageously
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attained with a planetary gear, more particularly a multiple
stage planetary gear. However other types of gear can also
be provided, such as bevel gears.

An expedient form of one embodiment of the mvention
provided with a planetary gear system can be cam con-
trolled, whereby a rotating cam 1s used for switching the
device on and off. It can be envisaged that through mechani-
cal operation the cam brings about a movement of the
friction welder from a rest position mto a welding position.

An embodiment of the strapping device can also be of
independent relevance 1n which an operating means for the
joint operation of the tensioner and the friction welder 1s
provided, by means of which the tensioner and friction
welder can be consecutively started up. Here it 1s preferable
il 1n the strapping device optionally either the tensioner or
the friction welder are activated by just one operation of the
operating means in order to consecutively perform their
functions, or tensioner and friction welder can be operated
separately of each other. In joint activation, through a
common activation manipulation, for example by pressing
just one switch, the tensioner 1s mnitially started and after
completion of the tensioning procedure, without further
manual operation of the device, the welding procedure 1s
automatically started and carried out. On the other hand, 1n
the case of separate operation the user can determine the
times at which the tensioner 1s operated and at which time
intervals separate operation of the friction welder 1s started
independently of the tensioner. For this, separate operation
of an operating element 1s envisaged, which then also allows
at least largely automated welding procedure to take place.

In a possible further development of the invention an
adjustable and operating switch means for both of these
modes can be envisaged, with which the operating means are
provided with the joint activation function but also with the
possibility of independent and separate operation the ten-
sioner and friction welder.

Certain embodiments of the invention relate to a mobile
strapping device for strapping packaged goods with a wrap-
around strap, comprising a tensioner for applying a strap
tension to a loop of a wrapping strap, as well as a connector

for producing a connection at two areas of the loop of

wrapping strap disposed one on top of the other, and a
chargeable energy storage means for storing energy that can
be released as drive energy at least for the connector and/or
tensionetr.

Such mobile strapping devices are used for strapping
packaged goods with a plastic strap. For this a loop of the
plastic strap 1s placed around the packaged goods. Generally
the plastic strap 1s obtained from a storage roll. After the
loop has been completely placed around the packaged
goods, the end area of the strap overlaps a section of the
strap loop. The strapping device 1s then applied at this
dual-layer area of the strap, the strap clamped into the
strapping device, a strap tension applied to the strap loop by
the strapping device and a seal produced on the loop
between the two strap layers by the connector. For this
various connecting technologies are possible, including fric-
tion welding. In the case of the latter, a friction shoe moving
in an oscillating manner 1s pressed onto the area of two ends
of the strap loop. The pressure and the heat produced by the
movement brietly locally melt the strap which generally
contains a plastic. This produces a durable connection
between the two strap layers which can only be broken with
a large amount of force. The loop 1s then separated from the
storage roll. The packaged goods are thus strapped.

For their energy supply strapping devices of this type
generally have a chargeable and possibly interchangeable
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storage battery with which direct current motors are supplied
with electrical energy. In the portable mobile strapping
devices the direct current motors envisaged for producing
drive movements of the tensioner and/or welding device.

Strapping devices of this type are often 1n continuous use
in industry for packaging goods. Therefore as simple opera-
tion of the strapping devices as possible 1s aimed for. In this
way on the one hand a high level of functional rehability,
associated with high-quality strapping, and on the other
hand as little eflort as possible for the operator should be
assured. Previously known strapping device cannot fully
satisty these requirements.

One aim of certain embodiments of the invention 1s
therefore to create a mobile strapping device which 1n spite
ol the possibility of at least largely automated production of
wrapped straps, exhibits a high level of functional reliability
and good handling properties.

In accordance with certain embodiments of the mnvention
this objective 1s achieved with a mobile strapping device 1n
that the energy storage means has a lithium-ion storage
battery which provides energy to drive a connector designed
in the form of a friction welder. It has been shown that
particularly good functional reliability can be achieved with
such storage batteries as these storage batteries provide
suilicient energy to carry out a large number of strapping
cycles with mobile strapping device, even 1f strap tensions
are applied and at least largely automated strapping proce-
dures with motorized drive movements are be carried out.

In order to weld PP or PET straps, welding shoe frequen-
cies of approximately 250-350 Hz with a pressing pressure
of 300-350 N are required. In order to achieve these values
a drive-side rotational speed of an eccentric tappet driving
the welding shoe of approximately 6000 rpm to 7000 rpm 1s
necessary. Ideally with these initial values a welding pro-
cedure takes place over a duration of 1.5 seconds to 2
seconds. I1 the eccentric shatt speed falls below the value of
6000 rpm, the band seal quality deteriorates considerably.

Within the framework of the invention 1t has been shown
that the prematurely deteriorating connection quality
observed 1n conventional manual strapping device, even
though the storage batteries are not even 60% discharged,
does not occur 1n his manner with lithium 1on storage
batteries.

Lithium 1on storage batteries can provide the voltage
require for a high speed for considerably longer. In this way,
compared with other storage batteries of similar size, lithium
ion storage batteries provide the desired reliability for con-
siderably longer 1.¢. in the case of a much higher of strapping
procedure and iriction weld. Only shortly betfore full con-
sumption of the storage energy does the supply voltage
provided by lithtum 10on storage batteries fall to values at
which friction welding should not be carried out. As the time
at which the user 1s requested to charge the storage battery
shortly before tull discharge by a corresponding signal on
the strapping device corresponds with the time at which the
storage battery no longer produces good quality friction
weld, 1 contrast to conventional storage batteries the
recharging signal can be seen by the user as an 1ndication
that as of then the required quality of subsequent strappings
1s no longer given.

As lithium 1on storage batteries have a much higher
energy density than conventional storage batteries, these
advantages can even be achieved in relation to the dimen-
sions ol smaller storage batteries. The resulting reduced
welght of the used storage batteries 1s a further significant
advantage for use in mobile portable strapping devices.
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Particular advantages can be achieved with lithium 1on
storage batteries 1n conjunction with at least one brushless
direct current motor as the drive for the tensioner and/or
friction welder. This can be further increased by means of a
planetary gear system, particularly if the planetary gear
system together with the brushless direct current motor and
the lithtum 10n storage batteries are arranged in the drive
train for the tensioner and/or iriction welder.

Furthermore, a speed-dependent/speed-controlled ten-
sioning procedure also allows rapid initial tensioming, 1.e.
tensioning at high strap retraction speed, followed by second
tensioning procedure with a reduced strap retraction speed
compared with the first tensioming procedure. In such brush-
less motors, due to the possibility of setting the rotational
speed of the motor shaft and the motor torque separately
within certain ranges, the strap retraction speeds can be
adjusted to the required/desired circumstances during both
tensioning procedures. Particularly high strap tensions can
be achieved with the described division into a first and at
least a second tensioning procedure.

An embodiment of strapping device can also be of 1nde-
pendent relevance in which the tensioner and the welding
device are only provided with one common drive. This just
one drive can preferably be designed as an electric motor,
with the drive movement of which the tensioner and the
friction welder can be consecutively driven. Preferably, with
this just one motor, not only 1s the drive movement of the
welding procedure 1tself produced, but also a movement of
the Iriction welder from a rest position into a welding
position 1n which a welding element of the friction weld 1s
pressed onto the layers of strap to be welded and a friction
weld 1s produce through an oscillating movement on the
strap layers. Here, the welding element of the friction welder
1s 1n active 1n the rest position and 1s preferably only started
up at the start of movement from the rest position.

In accordance with another embodiment of the present
invention, which may also be of independent relevance, the
strapping device 1s provided with means with which the
rotational position of the motor shaft or the position of
components of the strapping device dependent on the motor
shaft can be determined. The information about one or more
rotational positions can preferably be used by a control
device of the strapping device to control components of the
strapping device, such as the iriction welder and/or the
tensioner. If a brushless direct current motor 1s used as the
drive, this can be done 1n a particularly simple manner. For
their commutation, such motors must determine current
positions of the rotating component of the motor, which 1s
generally a rotating anchor. For this, detectors/sensor, such
as Hall sensors, are provided, which determine rotational
positions of the rotating motor components and make them
available to the motor control device. This information can
also be used to advantage for control the friction welder.

Thus, 1n one embodiment of the strapping device 1t can be
envisaged that a number of rotations of the rotating com-
ponents of the motor are determined 1n order, on reaching a
given value or rotations, to carry out a switching operation.
More particularly, this switching operation can nvolve
switching off the friction welder to terminate the production
of a Iriction weld connection. In a further advantageous
embodiment of the invention 1t can be envisaged that at one
or at several determined rotational positions the motor 1s not
switched off, or 1s only switched ofl at one or more deter-
mined rotation positions.

It has proven to be advantageous 1f a device with a toggle
lever system 1s provided to move the welding device from
the rest position into the welding position and back. The
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levers of the toggle lever joint, which are connected to each
other via one joint, can, by overcoming two dead point
positions, be brought 1into both end positions at which they
hold the welding device 1n the rest position or 1n the welding
position. Advantageously the toggle lever device 1s held n
both end positions by a force, preferably a force exerted by
a mechanical spring. Only by overcoming this force should
the toggle lever device be able to move from one end
position into the other. The toggle lever device achieves the
advantage that end positions of the welding device are only
changed by overcoming comparatively high torques. As this
applies especially to the welding position, the toggle lever
system contributes to further increasing the functional reli-
ability of the strapping device. Furthermore, the toggle lever
system advantageously supplements the drive train of the
strapping device, which in one form of embodiment of the
invention also has a brushless motor and a planetary gear
system 1n addition to the toggle lever system, for automated
movement of the welding device nto 1ts welding position, as
all the components are able to produce high torques or carry
out movements when high torques are applied.

Certain embodiments of the invention relate to a strapping,
device, more particularly a mobile strapping device, for
strapping packaged goods with a wrapping strap, comprising,
a tensioner for applying a strap tension to a loop of a
wrapping strap, a rotationally drivable tensioning wheel as
well as tensioning rocker that can be pivoted relative to the
tensioning wheel and acts together with the tensioning
wheel, whereby a tensioning plate 1s arranged on the ten-
sioning rocker for applying a wrapping strap and a distance
between the tensioning plate and the tensioning wheel can
be changed 1n order to apply a tension force to the strap, and
a connector, more particularly a welding device, such as a
friction welder, for producing a connection at two areas of
the loop of wrapping strap disposed one on top of the other.

In strapping devices of this type a rotationally drivable
tensioning wheel works 1 conjunction with a toothed and
generally concavely curved tensioning plate which 1s
arranged on a pivotable rocker. In order to apply a tension
force to a strap loop the rocker can be pivoted in the
direction of the tensioning wheel and pressed against the
tensioning wheel. As a rule a pivoting axis of the rocker does
not correspond with the rotational axis of the tensioning
wheel. This allows the rocker to be “opened” and “closed”
with regard to the tensioning wheel, whereby the strap to be
tensioned can be placed in the strapping device, held and
tensioned by the tensioner and then removed again. In the
area between the tensioning wheel and the tensioning plate
the strap loop 1s 1n two layers. The lower layer 1s grasped by
the tensioning plate of the rocked pivoted towards the
tensioning wheel, and through its surface structure or other
suitable means for producing friction, held on the tensioning
plate by the pressure exerted by the tensioning plate on the
lower strap layer. In this way 1t 1s possible to grasp and
retract the upper layer with the rotationally driven tensioning
wheel. In the strap loop this brings about or increases the
strap tension and straps the loop tightly around the packaged
g00ods.

Such strapping devices are mainly used in conjunction
with plastic straps, loops of which are connected by means
of a iriction weld. The strapping device therefore has a
friction welder with which the strap loops in the area of the
two layers of strap one on top of the other can be heated 1n
the strapping device by means of an oscillating friction
welding element until the plastic strap melts locally, the
materials of the two strap layers tflow into each other and are
firmly connected on cooling.
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It has been shown that in such strapping devices the
applied strap tension can vary considerably, particularly 1n
the case of various strap thicknesses. One aim of certain
embodiments of the invention 1s therefore to create a strap-
ping device with which even with different strap thicknesses,
as equally good tension properties as possible can be
achieved.

This 1s achieved in the strapping device in that the
tensioning plate 1s movably arranged on the tensionming
rocker.

Within the framework of the invention 1t was seen that the
fluctuating strap tension in the case of diflerent strap widths
1s due to the fact that the position of the tensioning plate
changes in relation to the tensionming wheel. In this way,
depending on the strap thicknesses involved, different
engaging and pressing conditions occur between the two
strap layers on the one hand, and the tensioning plate and
tensioning wheel on the other hand. The invention therefore
envisages means of compensating for the displacement of
the engaging points. This at least one means can mvolve a
relative mobility of the tensioning plate with regard to the
tensioning rocker, more particularly floating bearing of the
tensioning plate on the tensioning rocker. Alternatively, or in
addition thereto, a change in the position of the tensioning
wheel 1n relation to the pivoting axis of the rocker can be
envisaged.

The preferably envisaged relative mobility of the tension-
ing plate with regard to the tensioning rocker should, 1n
particular, be present 1n a direction 1n which a position of the
tensioning plate can be changed with regard to the circum-
terence of the tensioning wheel. This direction corresponds
at least approximately to the longitudinal direction along
which a wrapping strap placed in the strapping device
extends within the strapping device, or the direction along
which the tensioning plate moved as a result of the rocker
movement. Such an embodiment has the advantage that the
pressing pressure, more particularly an essentially evenly
distributed pressing pressure 1s made possible by the ten-
sioning plate on the strap and/or the strap on the tensioning
wheel, 1rrespective of the strap thickness, essentially over
the entire length of the tensioning plate.

Alternatively, or 1n addition to the mobility of the ten-
sioning plate, the engaging conditions can be further
improved, even for different strap thicknesses, in that the
tensioning plate 1s concavely curved in one radius, which
advantageously approximately corresponds with or can be
slightly larger than the outer radius of the tensioning wheel.
During the tensioning procedure such a concave design of
the tensioning surface contributes to providing a gap with an
approximately constant gap height between the tensioning
surface of the tensioning plate and the external surface of the
tensioning wheel over preferably the entire length of the
tensioning surface—in relation to the tensioning direction.

In contrast to the solution in accordance with certain
embodiments of the invention, in the previous solution a
distribution of the pressing pressure on a surface section of
the wrapping strap was essentially only possible at a certain
strap thickness, through which the rocker took up a position
at which the curvature of the tensioning plate runs parallel
to the circumierence of the tensioning radius. The gap
between the tensioning wheel and the tensioning plate
therefore only had a constant gap height over the entire
length of the tensioning plate at a certain strap thickness. The
more the strap thickness differed from a strap thickness
fitting this gap, the smaller surface of the upper and lower
strap layer, on which the tensioning plate/tensioning wheel
could act. With the embodiment 1n accordance with certain

10

15

20

25

30

35

40

45

50

55

60

65

12

embodiments of the invention 1t 1s now possible to compen-
sate for the different pivoting positions of the rocker in
relation to the tensioning wheel due to the different strap
thicknesses 1n such a way that despite the difierent positions
of the tensioming rocker, the tensioning plate can always be
essentially arranged so that over the entire length of the
tensioning plate there 1s a gap with an essentially constant
gap height over the entire, or at least with less gap height
variation than in previous solution. Over the entire length of
the tensioning plate this allows more even pressure appli-
cation on the wrapping strap than hitherto.

The solution according to the invention exhibits advan-
tages to a particular extent in the case of small packaged
goods (edge length approximately 750 mm and less) as well
as round packaged goods (diameter approximately 500-1000
mm) 1n connection with high tensile forces. In these condi-
tions the then comparatively small strap loop had resulted in
shock-like stressing of the lower strap layer, 1.e. the strap
end, through which the lower strap layer 1s pulled against the
tensioning plate. Due to very different pressing conditions
over the enftire length of the tensioning plate, securing
holding of the strap end in the strapping device could not
guaranteed 1n previous solutions. The movable tensioning
plate exhibits decisive advantages here, which are essen-
tially seen in the fact that even at shock-like tensile stresses
in connection with high tensile forces, the straps can be held
by the toothed plate, which 1s optimally arranged because of
its mobility.

In one embodiment of the invention, the relative mobility
of the tensioning plate can be realized by arranging the
tensioning plate on the rocker using bearing surfaces of the
tensioning plate that are not parallel to each other. On the
basis of this principle the tensioming plate can be provided
with a convex contact surface which rests on an essentially
level contact surface of the rocker. This allows pivoting of
the tensioning plate, whereby self-alignment and clinging of
the tensioning plate to the circumierence of the tensioning
wheel can take place. In one embodiment measures can be
envisaged through which self-alignment of the tensioning
plate 1n a direction perpendicular to the direction of the strap
can be achieved. Such a measure can for example be a
convex shaping of the bearing surface of the tensioning plate
perpendicularly to the direction of the strap.

A further advantageous embodiment of the invention can
also envisage the tensioning plate being provided with a
guide, through which a movement 1n one or several prede-
termined directions takes place. The guide direction can in
particular be a direction which 1s essentially parallel to the
direction of the strap within the strapping device. In an
expedient embodiment, the guide for the tensioning plate
can also be produced by an elongated hold and a guide
means, such as a screw, arranged therein.

Certain embodiments of the invention relate to a mobile
strapping device for strapping packaged goods with a wrap-
around strap, comprising a tensioner for applying a strap
tension to a loop of a wrapping strap, as well as a connector
for producing a connection at two areas of the loop of
wrapping strap disposed one on top of the other, and a
chargeable energy storage means for storing energy that can
be released as drive energy at least for the connector and/or
tensioner.

Such mobile strapping devices are used for strapping
packaged goods with a plastic strap. For this a loop of the
plastic strap 1s placed around the packaged goods. Generally
the plastic strap 1s obtained from a storage roll. After the
loop has been completely placed around the packaged
goods, the end area of the strap overlaps a section of the
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strap loop. The strapping device 1s then applied at this
dual-layer area of the strap, the strap clamped into the
strapping device, a strap tension applied to the strap loop by
the strapping device and a seal produced on the loop
between the two strap layers by the connector. For this
various connecting technologies are possible, including fric-
tion welding. In the case of the latter, a friction shoe moving,
in an oscillating manner 1s pressed onto the area of two ends
of the strap loop. The pressure and the heat produced by the
movement brietly locally melt the strap which generally
contains a plastic. This produces a durable connection
between the two strap layers which can only be broken with
a large amount of force. The loop 1s then separated from the
storage roll. The packaged goods are thus strapped.

Such mobile strapping devices are used for strapping
packaged goods with a plastic strap. For this a loop of the
plastic strap 1s placed around the packaged goods. Generally
the plastic strap 1s obtained from a storage roll. After the
loop has been completely placed around the packaged
goods, the end area of the strap overlaps a section of the
strap loop. The strapping device 1s then applied at this
dual-layer area of the strap, the strap clamped into the
strapping device, a strap tension applied to the strap loop by
the strapping device and a seal produced on the loop
between the two strap layers by the connector. For this
various connecting technologies are possible, including fric-
tion welding. In the case of the latter, a friction shoe moving,
in an oscillating manner 1s pressed onto the area of two ends
of the strap loop. The pressure and the heat produced by the
movement brietly locally melt the strap which generally
contains a plastic. This produces a durable connection
between the two strap layers which can only be broken with
a large amount of force. The loop 1s then separated from the
storage roll. The packaged goods are thus strapped.

Strapping devices of this type are often in continuous use
in industry for packaging goods. Therefore as simple opera-
tion of the strapping devices as possible 1s aimed for. In this
way on the one hand a high level of functional reliability,
associated with high-quality strapping, and on the other
hand as little effort as possible for the operator should be
assured. Previously known strapping device cannot fully
satisiy these requirements.

One aim of certain embodiments of the invention 1s
therefore to create a mobile strapping device which 1n spite
of the possibility of at least largely automated production of
wrapped straps, exhibits a high level of functional reliability
and good handling properties.

In accordance with certain embodiments of the invention
this objective 1s achieved with a mobile strapping device by
means ol a brushless direct current motor as the drive for the
tensioner and/or connector. As will be explained 1n more
detail below, brushless direct current motors have electrical
and mechanical properties which result in particular advan-
tages 1n conjunction with mobile strapping devices. In
addition, such motors are largely wear and maintenance-
free, which contributes to a high level of functional reliabil-
ity of the strapping devices.

Furthermore, a speed-dependent/speed-controlled ten-
sioning procedure also allows rapid initial tensioming, 1.e.
tensioning at high strap retraction speed, followed by a
second tensioming procedure with a reduced strap retraction
speed compared with the first tensioning procedure. In such
brushless motors, due to the possibility of setting the rota-
tional speed of the motor shaft and the motor torque sepa-
rately within certain ranges, the strap retraction speeds can
be adjusted to the required/desired circumstances during
both tensioning procedures. Particularly high strap tensions
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can be achieved with the described division into a first and
at least a second tensioning procedure.

A strapping device 1n accordance with certain embodi-
ments of the invention can also have energy storage means
in the form of a lithium ion storage battery, with which
energy can be provided to drive a connector in the form of
a Iriction welder. It has been shown that with such storage
batteries particularly good functional reliability can also be
achieved as these storage batteries provide suflicient energy
to carry out a large number of strapping cycles with mobile
strapping devices, even 11 high strap tensions are applied and
at least largely automated strapping procedures with motor-
1zed drive movements take place.

It has also been shown that lithium 1on storage batteries 1n
combination with friction welders can be seen as the 1deal
addition compared with other electrical energy storage
means. The friction welding process itself 1s dependent on
the pressure of the two straps on each other as well as the
frequency of the oscillating welding shoe/welding element.
In order to weld PP or PET straps, welding shoe frequencies
of approximately 250-350 Hz with a pressing pressure of
300-350 N are required. In order to achieve these values a
drive-side rotational speed of an eccentric tappet driving the
welding shoe of approximately 6000 rpm to 7000 rpm 1s
necessary. Ideally with these initial values a welding pro-
cedure takes place over a duration of 1.5 seconds to 2
seconds. If the eccentric shatt speed falls below the value of
6000 rpm, the band seal quality deteriorates considerably.

Within the framework of the invention 1t has been shown
that the prematurely deteriorating connection quality
observed in conventional manual strapping device, even
though the storage batteries are not even 60% discharged,
does not occur in his manner with lithium 1on storage
batteries. Lithium 1on storage batteries can provide the
voltage require for a high speed for considerably longer. In
this way, compared with other storage batteries of similar
s1ze, lithtum 10n storage batteries provide the desired reli-
ability for considerably longer 1.e. 1n the case of a much
higher of strapping procedure and Iriction weld. Only
shortly before tull consumption of the storage energy does
the supply voltage provided by lithium 1on storage batteries
tall to values at which friction welding should not be carried
out. As the time at which the user 1s requested to charge the
storage battery shortly before full discharge by a corre-
sponding signal on the strapping device corresponds with
the time at which the storage battery no longer produces
good quality friction weld, 1n contrast to conventional stor-
age batteries the recharging signal can be seen by the user as
an indication that as of then the required quality of subse-
quent strappings 1s no longer given.

As lithium 1on storage batteries have a much higher
energy density than conventional storage batteries, these
advantages can even be achieved in relation to the dimen-
sions of smaller storage batteries. The resulting reduced
weight of the used storage batteries 1s a further significant
advantage for use 1n mobile portable strapping devices.

Particular advantages can be achieved with lithium 1on
storage batteries in conjunction with at least one brushless
direct current motor as the drive for the tensioner and/or
friction welder. This can be further increased by means of a
planetary gear system, particularly i1f the planetary gear
system together with the brushless direct current motor and
the lithium 10n storage batteries are arranged in the drive
train for the tensioner and/or friction welder.

An embodiment of strapping device can also be of 1inde-
pendent relevance in which the tensioner and the welding
device are only provided with one common drive. This just
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one drive can preferably be designed as an electric motor,
with the drive movement of which the tensioner and the
friction welder can be consecutively driven. Pretferably, with
this just one motor, not only 1s the drive movement of the
welding procedure itself produced, but also a movement of
the friction welder from a rest position mto a welding
position 1n which a welding element of the friction weld 1s
pressed onto the layers of strap to be welded and a friction
weld 1s produce through an oscillating movement on the
strap layers. Here, the welding element of the friction welder
1s 1n active 1n the rest position and 1s preferably only started
up at the start of movement from the rest position.

In accordance with another embodiment of the present
invention, which may also be of independent relevance, the
strapping device 1s provided with means with which the
rotational position of the motor shaft or the position of
components of the strapping device dependent on the motor
shait can be determined. The information about one or more
rotational positions can preferably be used by a control
device of the strapping device to control components of the
strapping device, such as the friction welder and/or the
tensioner. If a brushless direct current motor 1s used as the
drive, this can be done 1n a particularly simple manner. For
their commutation, such motors must determine current
positions of the rotating component of the motor, which 1s
generally a rotating anchor. For this, detectors/sensor, such
as Hall sensors, are provided, which determine rotational
positions of the rotating motor components and make them
available to the motor control device. This information can
also be used to advantage for control the friction welder.

Thus, 1n one embodiment of the strapping device it can be
envisaged that a number of rotations of the rotating com-
ponents of the motor are determined 1n order, on reaching a
given value or rotations, to carry out a switching operation.
More particularly, this switching operation can involve
switching off the friction welder to terminate the production
of a Iriction weld connection. In a further advantageous
embodiment of the invention 1t can be envisaged that at one
or at several determined rotational positions the motor 1s not
switched off, or 1s only switched off at one or more deter-
mined rotation positions.

It has proven to be advantageous 1f a device with a toggle
lever system 1s provided to move the welding device from
the rest position into the welding position and back. The
levers of the toggle lever joint, which are connected to each
other via one joint, can, by overcoming two dead point
positions, be brought 1nto both end positions at which they
hold the welding device 1n the rest position or in the welding,
position. Advantageously the toggle lever device 1s held in
both end positions by a force, preferably a force exerted by
a mechanical spring. Only by overcoming this force should
the toggle lever device be able to move from one end
position into the other. The toggle lever device achieves the
advantage that end positions of the welding device are only
changed by overcoming comparatively high torques. As this
applies especially to the welding position, the toggle lever
system contributes to further increasing the functional reli-
ability of the strapping device. Furthermore, the toggle lever
system advantageously supplements the drive train of the
strapping device, which 1n one form of embodiment of the
invention also has a brushless motor and a planetary gear
system 1n addition to the toggle lever system, for automated
movement of the welding device nto 1ts welding position, as
all the components are able to produce high torques or carry
out movements when high torques are applied.

Further preferred embodiments of the invention are set
out in the claims, the description and the drawing.
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The mvention will be described in more detail by way of
the examples of embodiment which are shown purely sche-
matically.

FIG. 1 1s a perspective view of a strapping device 1n
accordance with certain embodiments of the invention:

FIG. 2 shows the strapping device in FIG. 1 with the
casing;

FIG. 3 shows a partial section view of the motor of the
strapping device i FIG. 1, together with components
arranged on the motor shatft;

FIG. 4 shows a very schematic view of the motor along
with 1ts electronic commutation switch;

FIG. 5 shows a perspective partial view of the drive train
of the strapping device i FIG. 1;

FIG. 6 shows the drive train 1n FIG. 5 from another
direction of view;

FIG. 7 shows a side view of the drive train 1n FIG. 5 with
the welding device 1n the rest position;

FIG. 8 shows a side view of the drive train in FIG. 6 with
the welding device 1n a position between two end positions;

FIG. 9 shows a side view of the drive train 1n FIG. § with
the welding device 1n a welding position;

FIG. 10 shows a side view of the tensioner of the
strapping device without the casing, 1n which a tensioning
rocker 1s 1n a rest position;

FIG. 11 shows a side view of the tensioner of the strapping
device without the casing in which a tensioning rocker 1s 1n
a tensioning position;

FIG. 12 a side view of the tensioning rocker of the
strapping device in FIG. 10 shown 1n a partial section;

FIG. 13 shows a front view of the tensioning rocker in
FIG. 12;

FIG. 14 shows a detail from FIG. 12 along line C-C;

The exclusively manually operated strapping device 1 1n
accordance with the mvention shown 1 FIGS. 1 and 2 has
a casing 2, surrounding the mechanical system of the strap-
ping device, on which a grip 3 for handling the device 1s
arranged. The strapping device also has a base plate 4, the
underside of which 1s intended for placing on an object to be
packed. All the functional units of the strapping device 1 are
attached on the base place 4 and on the carrier of the
strapping device which 1s connected to the base plate and 1s
not shown in further detail.

With the strapping device 1 a loop of plastic strap, made
for example of polypropylene (PP) or polyester (PET),
which 1s not shown 1n more detail 1n FIG. 1 and which has
previously been placed around the object to be packed, can
be tensioned with a tensioner 6 of the strapping device. For
this the tensioner has a tensioning wheel 7 with which the
strap can be held for a tensioning procedure. The tensioning,
wheel 7 operates 1n conjunction with a rocker 8, which by
means ol a rocker lever 9 can be pivoted from an end
position at a distance from the tensioning wheel mto a
second end position about a rocker pivoting axis 8a, 1n
which the rocker 8 1s pressed against the tensioning wheel 7.
The strap located between the tensioning wheel 7 and the
rocker 8 1s also pressed against the tensioning wheel 7. By
rotating the tensioning wheel 7 1t 1s then possible to provide
the strap loop with a strap tension that 1s high enough for the
purpose of packing. The tensioning procedure, and the
rocker 8 advantageously designed for this, 1s described in
more detail below.

Subsequently, at a point on the strap loop on which two
layers of the wrapping strap are disposed one on top of the
other, welding of the two layers can take place by means of
the friction welder 8 of the strapping device. In this way the
strap loop can be durably connected. For this the friction
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welder 10 1s provided with a welding shoe 11, which through
mechanical pressure on the wrapping strap and simultaneous
oscillating movement at a predefined frequencies starts to
melt the two layers of the wrapping strap. The plastified or
melted areas flow into each other and after cooling of the
strap a connection 1s formed between the two strap layers. If
necessary the strap loop can be separated from a strap
storage roll by means of a strapping device 1 cutter which 1s
not shown.

Operation of the tensioner 6, assignment of the friction
welder 10 by means of a transitioning device 19 (FIG. 6) of
the friction welder as well as the operation of the friction
welder 1tself and operation of the cutter all take place using
only one common electric motor 14, which provides a drive
movement for each of these components. For 1ts power
supply, an interchangeable storage battery 15, which can be
removed for charging, 1s arranged on the strapping device.
The supply of other external auxiliary energies, such as
compressed air or additional electricity, 1s not envisaged 1n
accordance with FIGS. 1 and 2.

The portable mobile strapping device 1 has an operating
clement 16, 1n the form of a press switch, which i1s intended
for starting up the motor. Via a switch 17, three operating
modes can be set for the operating element 16. In the first
mode by operating the operating element 16, without further
action being required by the operator, the tensioner 6 and the
friction welder 10 are started up consecutively and auto-
matically. To set the second mode the switch 17 1s switched
over to a second switching mode. In the second possible
operating mode, by operating the operating element 16, only
the tensioner 6 1s started up. To separately start the friction
welder 10 a second operating element 18 must be activated
by the operator. In alternative forms of embodiment 1t can
also be envisaged that in this mode the first operating
clement 16 has to be operated twice 1n order to activate the
friction welder. The third mode 1s a type of semi-automatic
operation in which the tensioning button 16 must be pressed
until the tension force/tensile force which can preset in
stages 1s achueved 1n the strap. In this mode 1t 1s possible to
interrupt the tensioning process by releasing the tensioning
button 16, for example 1n order to position edge protectors
on the goods to be strapped under the wrapping strap. By
pressing the tensioming button the tensioning procedure can
then be continued. This third mode can be combined with a
separately operated as well as an automatic subsequent
friction welding procedure.

On a motor shaft 27, shown 1n FIG. 3, of the brushless,
grooved rotor direct current motor 14 a gearing system
device 13 1s arranged. In the example of embodiment shown
here a type EC140 motor manufactured by Maxon Motor
AG, Brimigstrasse 20, 6072 Sachseln 1s used. The brushless
direct current motor 14 can be operated 1n both rotational
directions, whereby one direction 1s used as the drive
movement of the tensioner 6 and the other direction as the
drive movement of the welding device 10.

The brushless direct current motor 14, shown purely
schematically in FIG. 4, 1s designed with a grooved rotor 20
with three Hall sensors HS1, HS2, HS3. In 1ts rotor 20, this
EC motor (electronically commutated motor) has a perma-
nent magnet and 1s provided with an electronic control 22
intended for electronic commutation in the stator 24. Via the
Hall sensors, HS1, HS2, HS3, which 1n the example of
embodiment also assume the function of position sensors,
the electronic control 22 determines the current position of
the rotor 20 and controls the electrical magnetic field 1n the
windings of the stator 24. The phases (phase 1, phase 2,
phase 3) can thus be controlled depending 1n the position of
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the rotor 20, 1n order to bring about a rotational movement
of the rotor 1n a particular rotational direction with a
predeterminable variable rotational speed and torque. In this
present case a “1st quadrant motor drive intensifier” 1s used,
which provides the motor with the voltage as well as peak
and continuous current and regulates these. The current tlow
for coil windings of the stator 24, which are not shown 1n
more detail, 1s controlled via a bridge circuit 25 (MOSFET
transistors), 1.e. commutated. A temperature sensor, which 1s
not shown 1n more detail, 1s also provided on the motor. In
this way the rotational direction, rotational speed, current
limitation and temperature can be monitored and controlled.
The commutator 1s designed as a separate print component
and 1s accommodated i the strapping device separately
from the motor.

The power supply 1s provided by the lithium-ion storage
battery 15. Such storage batteries are based on several
independent lithtum 10n cells 1 each of which essentially
separate chemical processes take place to generate a poten-
tial difference between the two poles of each cell. In the
example of embodiment the lithium ion storage battery is
manufactured by Robert Bosch GmbH, D-70745 Lein-
telden-Echterdingen. The battery in the example of embodi-
ment has eight cells and has a capacity of 2.6 ampere-hours.
Graphite 1s used as the active material/negative electrode of
the lithium 10n storage battery. The positive electrode often
has lithium metal oxides, more particularly in the form of
layered structures. Anhydrous salts, such as lithium
hexatluorophosphate or polymers are usually used as the
clectrolyte. The voltage emitted by a conventional lithium
ion storage battery 1s usually 3.6 volts. The energy density
ol such storage batteries 1s around 100 Wh/kh to 120 Wh/kg.

On the motor side drive shaft, the gearing system device
13 has a free wheel 36, on which a sun gear 35 of a first
planetary gear stage 1s arranged. The free wheel 36 only
transiers the rotational movement to the sun gear 35 1n one
of the two possible rotational directions of the drive. The sun
gear 35 meshes with three planetary gears 37 which in a
known manner engage with a fixed gear 38. Each of the
planetary gears 37 1s arranged on a shait 39 assigned to it,
cach of which 1s connected 1n one piece with an output gear
40. The rotation of the planetary gears 37 around the motor
shaft 27 produces a rotational movement of the output gear
40 around the motor shait 27 and determines a rotational
speed of this rotational movement of the output gear 40. In
addition to the sun gear 35 the output gear 40 1s also on the
free wheel 36 and 1s therefore also arranged on the motor
shaft. This free wheel 36 ensures that both the sun gear 35
and the output gear 40 only also rotate in one rotational
direction of the rotational movement of the motor shaft 27.
The free wheel 29 can for example be of type INA HFLO615
as supplied by the company Schaetfller KG, D-91074 Her-
zogenaurach,

On the motor-side output shaft 27 the gear system device
13 also has a toothed sun gear 28 belonging to a second
planetary gear stage, through the recess of which the shatt 27
passes, though the shaft 27 1s not connected to the sun gear
28. The sun gear 1s attached to a disk 34, which 1n turn 1s
connected to the planetary gears. The rotational movement
of the planetary gears 37 about the motor-side output shaft
27 1s thus transferred to the disk 34, which 1n turn transfers
its rotational movement at the same speed to the sun gear 28.
With several planetary gears, namely three, the sun gear 28
meshes with cog gears 31 arranged on a shait 30 runming
parallel to the motor shait 27. The shafts 30 of the three cog
gears 31 are fixed, 1.e. they do not rotate about the motor
shaft 27. In turn the cog gears 21 engage with an 1nternal-
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tooth sprocket, which on 1ts outer side has a cam 32 and 1s
hereinafter referred to as the cam wheel 33. The sun gear 28,
the three cog gears 31 as well as the cam wheel 33 are
components of the second planetary gear stage. In the
planetary gear system the input-side rotational movement of
the shaft 27 and the rotational movement of the cam wheel
are at a ratio of 60:1, 1.e. a 60-fold reduction takes place
through the second-stage planetary gear system.

At the end of the motor shaft 27, on a second free wheel
42 a bevel gear 43 1s arranged, which engages 1n a second
bevel gear, which 1s not shown in more detail. This free
wheel 42 also only transmits the rotational movement in one
rotational direction of the motor shait 27. The rotational
direction 1n which the free wheel 36 of the sun gear 35 and
the free wheel 42 transmit the rotational movement of the
motor shaft 27 1s opposite. This means that in one rotational
direction only free wheel 36 turns, and in the other rotational
direction only free wheel 42.

The second bevel gear 1s arranged on one of a, not shown,
tensioning shaft, which at 1ts other end carries a further
planetary gear system 46 (FIG. 2). The drive movement of
the electric motor 1n a particular rotational direction is thus
transmitted by the two bevel gears to the tensioning shaft.
Via a sun gear 47 as well as three planetary gears 48 the
tensioning wheel 49, in the form of an internally toothed
sprocket, of the tensioner 6 1s rotated. During rotation the
tensioning wheel 7, provided with a surface structure on its
outer surface, moves the wrapping strap through friction, as
a result of which the strap loop 1s provided with the
envisaged tension.

In the area of 1ts outer circumierence the output gear 40
1s designed as a cog gear on which 1s a toothed belt 50 of an
envelope drive (FIGS. 5 and 6). The toothed belt 50 also
goes round pinion 51, smaller in diameter than the output
gear 40, the shait of which drive an eccentric drive 52 for
producing an oscillating to and fro movement of the welding,
shoe 53. Instead of toothed belt drive any other form of
envelope drive could be provided, such as a V-belt or chain
drive. The eccentric drive 52 has an eccentric shait 54 on
which an eccentric tappet 55 1s arranged on which in turn a
welding shoe arm 56 with a circular recess 1s mounted. The
eccentric rotational movement of the eccentric tappet 55
about the rotational axis 37 of the eccentric shait 54 results
in a translator oscillating to and fro movement of the
welding shoe 53. Both the eccentric drive 52 as well as the
welding shoe 53 it can be designed 1n any other previously
known manner.

The welding device 1s also provided with a toggle lever
device 60, by means of which the welding device can be
moved from a rest position (FIG. 7) into a welding position
(FIG. 9). The toggle lever device 60 1s attached to the
welding shoe arm 56 and provided with a longer toggle lever
61 pivotably articulated on the welding shoe arm 56. The
toggle lever device 60 1s also provided with a pivoting
clement 63, pivotably articulated about a pivoting axis 62,
which 1n the toggle level device 60 acts as the shorter toggle
lever. The pivoting axis 62 of the pivoting element 63 runs
parallel to the axes of the motor shaft 27 and the eccentric
shait 54.

The pivoting movement 1s initiated by the cam 32 on the
cam wheel 33 which during rotational movement in the
anticlockwise direction—in relation to the depictions 1n
FIGS. 7 to 9—of the cam wheel 33 ends up under the
pivoting element 63 (FIG. 8). A ramp-like ascending surface
324 of the cam 32 comes 1nto contact with a contact element
64 set into the pivoting element 63. The pivoting element 63
1s thus rotated clockwise about its pivoting axis 62. In the
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areca of a concave recess ol the pivoting element 63 a
two-part longitudinally-adjustable toggle lever rod of the
toggle lever 61 1s pivotably arranged about a pivoting axis
69 in accordance with the ‘piston cylinder’ principle. The
latter 1s also rotatably articulated on an articulation point 65,
designed as a further pivoting axis 65, of the welding shoe
arm 36 1n the viciity of the welding shoe 53 and at a
distance from the rotational axis 57 of the welding shoe arm
56. Between both ends of the longitudinally adjustable
toggle lever rod a pressure spring 67 1s arranged thereon, by
means of which the toggle lever 61 1s pressed against both
the welding shoe arm 56 as well as against the pivoting
clement 63. In terms of its pivoting movements the pivoting
clement 63 1s thus functionally connected to the toggle lever
61 and the welding shoe arm 56.

As can be seen 1n the depictions in FIG. 7, in the rest
position there 1s an (1maginary) connecting line 68 for both
articulation points of the toggle lever 61 runming through the
toggle lever 61 between the pivoting axis 62 of the pivoting
element 63 and the cam wheel 33, 1.e. on one side of the
pivoting axis 62. By operating the cam wheel 33 the pivoting
clement 63 1s rotated clockwise—in relation to the depic-
tions 1 FIGS. 7 to 9. In this way the toggle lever 61 of the
pivoting 63 1s also operated. In FIG. 8 an intermediate
position ol the toggle lever 61 1s shown in which the
connecting line 68 of the articulation points 65, 69 intersects
the pivoting axis 62 of the pivoting element 63. In the end
position of the movement (welding position) shown in FIG.
9 the toggle lever 61 with 1ts connecting line 68 1s then on
the other side of the pivoting axis 62 of the pivoting element
63 1n relation to the cam wheel 33 and the rest position.
During this movement the welding arm shoe 56 1s trans-
terred by the toggle lever 61 from 1ts rest position nto the
welding position by rotation about the rotational axis 57. In
the latter position the pressure spring 67 presses the pivoting
clement 63 against a stop, not shown 1n further detail, and
the welding shoe 53 onto the two strap layers to be welded
together. The toggle lever 61, and therefore also the welding
shoe arm 36, 1s thus 1n a stable welding position.

The anticlockwise drive movement of the electric motor
shown 1n FIGS. 6 and 9 1s transmitted by the toothed belt 50
to the welding shoe 53, brought into the welding position by
the toggle lever device 60, which 1s pressed onto both strap
layer and moved to and fro 1n an oscillating movement. The
welding time for producing a friction weld connection 1s
determined by way of the adjustable number of revolutions
of the cam wheel 33 being counted as of the time at which

the cam 32 operates the contact element 64. For this the
number of revolutions of the shaft 27 of the brushless direct
current motor 14 1s counted i1n order to determine the
position of the cam wheel 33 as of which the motor 14
should switch ofl and thereby end the welding procedure. It
should be avoided that on switching ol the motor 14 the cam
32 comes to a rest under the contact element 64. Therefore,
for switching ofl the motor 14 only relative positions of the
cam 32 with regard to the pivoting element 63 are envisaged,
a which the cam 32 1s not under the pivoting element. This
ensures that the welding shoe arm 56 can pivot back from
the welding position mto the rest position (FIG. 7). More
particularly, this avoids a position of the cam 32 at which the
cam 32 would position the toggle lever 61 at a dead point,
1.e. a position mn which the connecting line 68 of the two
articulation points intersects the pivoting axis 62 of the
pivoting element 63—as shown 1n FIG. 8. As such a position
1s avoided, by means of operating the rocker lever the rocker
(FI1G. 2) can be released from the tensioning wheel 7 and the
toggle lever 61 pivoted 1n the direction of the cam wheel 33
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into the position shown in FIG. 7. After the strap loop has
been taken out of the strapping device, the latter 1s ready for
a further strapping procedure.

The described consecutive procedures “tensioning” and
“welding” can be jointly mnitiated 1n one switching status of
the operating element 16. For this the operating element 16
1s operated once, whereby the electric motor 14 first turns on
the first rotational direction and thereby (only) the tensioner
6 1s driven. The strap tension to be applied to the strap can
be set on the strapping device, preferably be means of a push
button 1n nine stages, which correspond to nine diflerent
strap tensions. Alternatively continuous adjustment of the
strap tension can be envisaged. As the motor current 1s
dependent on the torque of the tensioning wheel 7, and this
in turn on the current strap tension, the strap tension to be
applied can be set via push buttons in nine stages in the form
of a motor current limit value on the control electronics of
the strapping device.

After reaching a settable and thus predeterminable limait
value for the motor current/strap tension, the motor 14 1s
switched off by 1ts control device 22. Immediately after-
wards the control device 22 operates the motor in the
opposite rotational direction. As a result, in the manner
described above, the welding shoe 52 1s lowered onto the
two layers of strap displaced one on top of the other and the
oscillating movement of the welding shoe 1s carried out to
produce the friction weld connection.

By operating switch 17 the operating element 16 can only
activate the tensioner. If this i1s set, by operating the oper-
ating element only the tensioner 1s brought into operation
and on reaching the preset strap tension i1s switched off
again. To start the friction welding procedure the second
operating element 18 must be operated. However, apart from
separate activation, the function of the Iriction welding
device 1s i1dentical the other mode of the first operating
clement.

As has already been explained, the rocker 8 can through
operating the rocker lever 9 shown 1n FIGS. 2, 10, 11 carry
out pivoting movements about the rocker axis 8a. For this,
the rocker 1s moved by a rotating cam disc which 1s behind
the tensioning wheel 7 and cannot therefore be seen 1n FIG.
2. Via the rocker lever 9 the cam disc can carry out a
rotational movement of approximately 30° and move the
rocker 8 and/or the tensioning plate 12 relative to the
tensioning wheel 7 which allow the strap to be mnserted nto
the strapping device/between the tensioning wheel 7 and
tensioning plate 12.

In this way, the toothed tensioning plate arranged on the
free end of the rocker can be pivoted from a rest position
shown 1n FIG. 10 1nto a tensioning position shown i FIG.
11 and back again. In the rest position the tensioning plate
12 1s at sufliciently great distance from the tensioning wheel
7 that a wrapping strap can be placed 1n two layers between
the tensioning wheel and the tensioning plate as required for
producing connection on a strap loop. In the tensioning
position the tensioning plate 12 1s pressed 1n a known way,
for example by means of a spring force acting on the rocker,
against the tensioning wheel 7, whereby, contrary to what 1s
shown 1 FIG. 11, 1 a strapping procedure the two-layer
strap 1s located between the tensioning plate and the ten-
sioning wheel and thus there should be no contact between
the two latter elements. The toothed surface 12a (tensioning,
surface) facing the tensioning wheel 7 1s concavely curved
whereby the curvature radius corresponds with the radius of
the tensioming wheel 7 or 1s slightly larger.

As can be seen 1n particular 1n FIGS. 10 and 11 as well as
the detailed drawings of FI1G. 12-14, the toothed tensioming,
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plate 12 1s arranged 1n a grooved recess 71 of the rocker. The
length—1n relation to the direction of the strap—of the
recess 71 1s greater than the length of the tensioming plate 12.
In addition, the tensioning plate 12 1s provide with a convex
contact surface 126 with which i1t 1s arranged on a flat
contact surtface 71 in the recess 71 of the rocker 8. As shown
in particular 1n FIGS. 11 and 12 the convex curvature runs
in a direction parallel to the strap direction 70, while the
contact surface 125 1s designed flat and perpendicular to this
direction (FIG. 13). As a result of this design the tensioning
plate 12 1s able to carry out pivoting movements 1n the strap
direction 70 relative to the rocker 8 and to the tensioning
wheel 7. The tensioning plate 12 1s also attached to the
rocker 8 by means of a screw 72 passing through the rocker
from below. This screw 1s 1n an elongated hole 74 of the
rocker, the longitudinal extent of which runs parallel to the
course of the strap 70 in the strapping device. As a result 1n
addition to be pivotable, the tensioning plate 12 1s also
arranged on the rocker 8 in a longitudinally adjustable
mannet.

In a tensioner the tensioning rocker 8 1s initially moved
from the rest position (FIG. 10) into the tensioning position
(FIG. 11). In the tensioning position the sprung rocker 8
presses the tensioning plate in the direction of the tensioming
wheel and thereby clamps the two strap layers between the
tensioning wheel 7 and the tensioning plate 12. Due to
different strap thicknesses this can result in differing spac-
ings between the tensioning plate 12 and circumierential
surface 7a of the tensioning wheel 7. This not only results 1n
different pivoting positions of the rocker 8, but also different
positions of the tensioning plate 12 1n relation to the cir-
cumierential direction of the tensioning wheel 7. In order to
still achieve uniform pressing conditions, during the press-
ing procedure the tensioning plate 12 adjusts itself to the
strap through a longitudinal movement 1n the recess 71 as
well as a pivoting movement via the contact surface 126 on
contact surface 72 so that the tensioning plate 12 exerts as
egven a pressures as possible over its entire length on the
wrapping strap. If the tensioning wheel 7 1s then switched on
the toothing of tensioming plate 12 holds the lower strap
layer fast, while the tensioning wheel 7 grasps the upper
strap layer with its toothed circumierential surface 7a. The
rotational movement of the tensioning wheel 7 as well the
lower coetlicient of friction between the two strap layers
then results 1n the tensioning wheel pulling back the upper
band layer, thereby increasing the tension in the strap loop
up to the required tensile force value.
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The invention claimed 1s:

1. A strapping device comprising;:

a tensioner operable to tension a strap;

a strap connector operable to connect two areas of the
strap to one another;

one or more motors configured to operate the tensioner
and the strap connector;

a first input device;
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a control device configured to, when 1n a {irst operating
mode, responsive to an actuation of the first input
device, control the one or more motors to: (1) operate
the tensioner to tension the strap around an object until
a predetermined tension 1s reached 1n the strap; and (2)
aiter the predetermined tension 1s reached in the strap,
without additional operator input automatically operate
the strap connector to connect the two areas of the strap
to form a tensioned strap loop around the object; and 65

a tension-setting input device configured to enable an
operator to select the predetermined tension.

24

2. The strapping device of claim 1, further comprising a
second mput device, wherein the control device 1s further
configured to, when 1n a third operating mode:

responsive to an actuation of the first input device, control

the one or more motors to operate the tensioner to
tension the strap around the object until the predeter-
mined tension 1s reached 1n the strap; and

responsive to an actuation ol the second input device,

control the one or more motors to operate the strap
connector to connect the two areas of the strap to form
the tensioned strap loop around the object.

3. The strapping device of claim 2, wherein the control
device 1s further configured to, when 1n a second operating
mode:

responsive to an actuation of the first input device and the

first input device being maintained 1n an actuated state,
control the one or more motors to operate the tensioner
to tension the strap around the object;

responsive to the first input device returning to a non-

actuated state, control the one or more motors to stop
tensioning the strap; and

responsive to an actuation of the second input device,

control the one or more motors to operate the strap
connector to connect the two areas of the strap to form
the tensioned strap loop around the object.

4. The strapping device of claim 2, further comprising an
operating-mode-selection input device configured to enable
operator selection of any one of the first and third operating
modes.

5. The strapping device of claim 1, wherein the one or
more motors comprise a single motor configured to operate
the tensioner and the strap connector.

6. The strapping device of claim 5, further comprising a
transier device operably connected to the strap connector
and configured to move the strap connector from a rest
position to a connecting position, wherein the single motor
comprises a motor shait, wherein rotation of the motor shaft
of the single motor in a first direction causes operation of the
tensioner and rotation of the motor shaft of the single motor
in a second direction different from the first direction causes
operation of the strap connector and causes the transfer
device to move the strap connector from the rest position to
the connecting position.

7. The strapping device of claim 1, further comprising a
battery configured to power the one or more motors.

8. The strapping device of claim 1, further comprising a
first drive train operably connecting at least one of the one
or more motors to the tensioner and a second drive frain
operably connecting at least one of the one or more motors
to the strap connector.

9. The strapping device of claim 8, wherein the second
drive train comprises planetary gearing.

10. The strapping device of claim 1, further comprising a
rechargeable battery configured to power the one or more
motors, wherein the one or more motors comprise one or
more brushless direct-current motors.

11. The strapping device of claim 1, wherein the control
device 1s further configured to, when 1n a semi-automatic
operating mode:

responsive to an actuation of the first input device and the

first input device being maintained in an actuated state,
control the one or more motors to operate the tensioner
to tension the strap around the object until the prede-
termined tension 1s reached in the strap; and

alter the predetermined tension is reached in the strap,

without additional operator input automatically control
the one or more motors to operate the strap connector
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to connect the two areas of the strap to form the
tensioned strap loop around the object.

12. The strapping device of claim 11, wherein the control
device 1s further configured to, when 1n the semi-automatic
operating mode, responsive to the first input device return-
ing to a non-actuated state before the predetermined tension
1s reached 1n the strap, control the one or more motors to stop
tensioning the strap.

13. The strapping device of claim 11, wherein the control
device 1s further configured to, when 1n a second operating
mode:

responsive to an actuation of the first input device and the

first input device being maintained in the actuated state,
control the one or more motors to operate the tensioner
to tension the strap around the object; and

responsive to an actuation of a second input device,

control the one or more motors to operate the strap
connector to connect the two areas of the strap to form
the tensioned strap loop around the object.

14. The strapping device of claim 13, wherein the control
device 1s further configured to, when 1n the second operating
mode, responsive to the first mput device returning to a
non-actuated state, control the one or more motors to stop
tensioning the strap.

15. The strapping device of claim 13, wherein the first and
second 1mput devices comprise physical buttons.

16. The strapping device of claim 13, further comprising
a battery configured to power the one or more motors.

17. The strapping device of claim 16, further comprising
a tension-setting mput device configured to enable operator
selection of the predetermined tension.

18. The strapping device of claim 17, further comprising
an operating-mode-selection input device configured to
enable operator selection of any one of the first, semi-
automatic, and second operating modes.

19. The strapping device of claim 18, wherein the oper-
ating-mode-selection mput device comprises a physical but-
ton.

20. A strapping device comprising:

a battery;

a tensioner operable to tension a strap;

a strap connector operable to connect two areas of the

strap to one another;

a tension-setting input device configured to enable an

operator to set a predetermined tension; and

a control device powered by the battery and operable 1n at

least one operating mode,

wherein when the control device 1s 1 a first operating

mode, the control device 1s configured to, responsive to
a lirst operator input, operate the tensioner to tension
the strap around an object until the predetermined
tension 1s reached in the strap and, after the predeter-
mined tension 1s reached in the strap, without addi-
tional operator input automatically operate the strap
connector to connect the two areas of the strap to form
a tensioned strap loop around the object.

21. The strapping device of claim 20, further comprising,
one or more motors configured to operate the tensioner and
the strap connector.

22. The strapping device of claim 21, wherein the one or
more motors comprise a single motor.

23. The strapping device of claim 20, wherein the control
device 1s further configured to, when 1n a semi-automatic
operating mode:

responsive to a second operator mput different from the

first operator 1nput, operate the tensioner to tension the
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strap around the object until the predetermined tension
1s reached 1n the strap; and

alter the predetermined tension is reached in the strap,
without additional operator input automatically operate
the strap connector to connect the two areas of the strap
to form the tensioned strap loop around the object.

24. The strapping device of claim 23, further comprising,
a first input device configured to receive the first operator
input and the second operator mnput.

25. The strapping device of claim 24, wherein the first
operator mput comprises an actuation of the first mput
device.

26. The strapping device of claim 25, wherein the second
operator mmput comprises an actuation of the first input
device and the first mput device being maintained i an
actuated state.

277. The strapping device of claim 26, wherein the control
device 1s further configured to, when in the semi-automatic
operating mode, responsive to the first mnput device return-
ing to a non-actuated state before the predetermined tension
1s reached 1n the strap, operate the tensioner to stop tension-
ing the strap.

28. The strapping device of claim 27, wherein the control
device 1s further configured to, when 1n a second operating
mode:

responsive to an actuation of the first input device and the
first input device being maintained 1n the actuated state,
operate the tensioner to tension the strap around the
object; and

responsive to an actuation of a second iput device,
operate the strap connector to connect the two areas of
the strap to form the tensioned strap loop around the
object.

29. The strapping device of claim 28, wherein the control
device 1s further configured to, when 1n the second operating
mode, responsive to the first mput device returning to a
non-actuated state, operate the tensioner to stop tensioming,
the strap.

30. The strapping device of claim 29, wherein the first and
second 1mput devices comprise physical buttons.

31. A strapping device comprising:

a battery;

a tensioner operable to tension a strap;

a Iriction welder operable to connect two areas of the strap

to one another;

a tension-setting mput device configured to enable an
operator to set a predetermined tension;

a tensioning button;

a sealing button;

a control device powered by the battery and operable in an
automatic operating mode, a semi-automatic operating
mode, and a manual operating mode; and

an operating-mode-selection iput device configured to
enable the operator to select of any one of the auto-
matic, semi-automatic, and manual operating modes,

wherein when the control device 1s 1n the automatic
operating mode, the control device 1s configured to,
responsive to an actuation of the tensioning button: (1)
operate the tensioner to tension the strap around an
object until the predetermined tension 1s reached 1n the
strap; and (2) after the predetermined tension 1s reached
in the strap, without additional operator input automati-
cally operate the friction welder to connect the two
areas of the strap to form a tensioned strap loop around
the object,

wherein when the control device 1s 1n the semi-automatic
operating mode, the control device 1s configured to: (1)
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responsive to an actuation of the tensioning button and
the tensioning button being maintained 1n an actuated
state, operate the tensioner to tension the strap around
the object until the predetermined tension 1s reached 1n
the strap; and (2) after the predetermined tension 1s 5
reached in the strap, without additional operator input
automatically operate the strap connector to connect the
two areas of the strap to form the tensioned strap loop
around the object,
wherein when the control device i1s in the manual oper- 10
ating mode, the control device 1s configured to: (1)
responsive to an actuation of the tensioning button and
the tensioning button being maintained in the actuated
state, operate the tensioner to tension the strap around
the object; (2) responsive to the tensioning button 15
returning to a non-actuated state, stop operating the
tensioner; and (3) responsive to an actuation of the
sealing button, to operate the friction welder to connect
the two areas of the strap to form the tensioned strap
loop around the object. 20
32. The strapping device of claim 31, wherein the control
device 1s further configured to, when 1n the semi-automatic
operating mode or the manual operating mode, responsive to
the first mput device returning to a non-actuated state,
operate the tensioner to stop tensioning the strap. 25
33. The strapping device of claim 31, wherein the ten-
sioning button and the sealing button are physical buttons.
34. The strapping device of claim 31, further comprising
one or motors controlled by the control device and config-
ured to operate the tensioner and the friction welder. 30
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